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Abstract—A new method to perform a bottom-up 
extraction and benchmark of the perceived multilevel 
smartness of complex ecosystems has been recently described 
and applied to territories and learning ecosystems like 
university campuses and schools. In this paper we study the 
resilience of our method by comparing and integrating the 
data collected in several European Campuses during two 
different academic years, 2014-15 and 2015-16. The overall 
results are: a) a more adequate and robust definition of the 
orthogonal multidimensional space of representation of the 
smartness, and b) the definition of a procedure to identify data 
that exhibits a limited level of trust. 
Keywords- smart city learning; learning ecosystems; smart 
city analytics; flow state; Maslow pyramid; Principal Component 
Analysis 
I. INTRODUCTION 
In the recent past we have repeatedly tackled the 
problems inherent to: a) the use of the adjective “smart”, 
when this latter is attached to cities and campuses, and b) the 
methods developed to rank cities and universities. In the case 
of cities, for example, the level of “smartness” is typically 
determined on the basis of infrastructural or process 
indicators and indices that do not take into account the 
perception of the citizens. These indicators/indices exhibit a 
high degree of correlation among them, often not dutifully 
investigated (see ref. [1-3, 20] for a detailed discussion). 
Unfortunately, the same problems affect also the standards 
that have been recently defined, for example ISO 37120 [4].  
Similarly, university rankings are also based on strongly 
correlated indices and do not consider, as it should be done, 
the opinions of the students [5-8]. Despite these critical 
issues, however, once: a) data and indicators/indices are 
submitted to a multicollinearity check, and b) the space of 
representation is reduced to its essential components and 
orthogonalized by means of Principal Component Analysis 
(PCA) [18, 19], it is possible to highlight a deep correlation 
between the top-down infrastructural smartness of cities and 
that of the campuses [5]. 
In order to improve this situation, starting from the 
opinions expressed by the citizens, we have developed a 
universal and people centered definition of smartness that, in 
principle, can be applied to any ecosystem, e.g. cities, 
regions, schools or campuses. Being inspired by the flow 
theory [15] and by the Maslow’s pyramid [14], we can state 
that: “smart ecosystems/contexts are ecosystems/contexts 
where people that animate the local processes (and thus 
contribute to the increase of the social capital), own a high 
level of skills and, at the same time, are also strongly 
motivated by continuous and adequate challenges, while 
their primary needs are reasonably satisfied” [2, 5]. 
Accordingly to the previous definition, we have 
developed a tool, an online questionnaire described in the 
appendix of ref. [8], aimed at detecting through a bottom-up 
approach the multidimensional smartness of ecosystems and 
contexts. Our questionnaire includes both quantitative and 
qualitative questions; the former are used to bottom-up 
benchmark the ecosystems’ smartness, while the latter are 
used for extracting meaning, problems and expectations. The 
questionnaire has been used by some members of ASLERD 
[9] to detect the students’ perceived level of smartness in 
several European University campuses [8, 10, 11], Italian 
schools [12] and, as well, the citizens’ perceived level of 
smartness in districts and small villages [13]. 
The mapping of the layers of the Maslow’s pyramid [14] 
on campuses’ characteristics and the addition of the elements 
that are relevant to the achievement of the flow state [15] led 
to a multidimensional model of campus smartness composed 
of ten indicators [7, 8]: infrastructures, food, environment, 
info/admin services, mobility, safety, social interaction, 
satisfaction, challenges, self-fulfillment. 
Table I shows the mapping of the indices defined by our 
model onto those chosen by Eurostat to measure the well-
being [16], and of both such sets of indices onto the layers of 
the Maslow’s Pyramid of needs, to which have been added 
the dimensions relevant for defining the flow state. Overall, 
there is a reasonable matching between the first two, 
although the Eurostat framework does not take into 
consideration Self-actualization and Challenge dimensions. 
This is fully understandable since the well-being framework 
is based mainly on a collection of statistical data, while our 
model stimulates the bottom-up emergence of values and 
meanings related to the ecosystems under investigation. 
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Small additional differences are mainly related to the 
characteristics of the specificity of the ecosystems under 
consideration: i.e. learning ecosystems in our case, and 
cities/territories in the case of the Eurostat framework. 
TABLE I.  MAPPING BETWEEN INDICES PROPOSED TO DETECT BOTTOM-UP 
THE  LEARNING ECOSYSTEMS’ SMARTNESS AND INDICES DEFINED BY 
EUROSTAT TO MEASURE THE WELL-BEING. THE FIRST COLUMN SHOWS THE 
MAPPING OF THE TWO SETS OF INDICES ONTO THE LAYERS OF THE 
MASLOW’S PYRAMID OF NEEDS AND THE DIMENSIONS RELEVANT FOR 
DEFINING THE STATE OF FLOW 
Levels of the 
Maslow’s pyramid 
(MP) and dimensions 
relevant for defining 
the flow state (FS) 
Dimensions used in 
the bottom-up 
detection of learning 
ecosystems’ 
smartness 
Quality of life 
indices defined by 
Eurostat to measure 
the level of well-
being.
MPI: Basic-
Physiological needs 
Infrastructures 
Food  
Environment 
Info/admin services 
+ Housing 
Health 
Material living 
conditions 
Governance  and 
basic rights (i.e. 
public services) 
Productive or main 
activity 
Natural and living 
environments 
MPII: Safety needs Safety (Physical) Economic and 
Physical Safety  
MPIII-IV: Psycho-
Social needs 
(i.e. belongingness; 
estimation, prestige)  
Social interaction Social interactions  & 
leisure 
Governance  and 
basic rights (i.e. equal 
opportunities & 
active citizenship) 
MPV: Self-
actualization 
(achieving one’s full 
potential) 
Self-actualization  
FS: Satisfaction  
(also related to MPV) 
Satisfaction 
(i.e. competences 
and process) 
Overall experience of  
life 
Education 
FS: Challenges Challenges  
 
As shown in previous studies [8], the indicators defined 
by our model are not fully independent, as expected for any 
kind of complex set of indicators (smart city benchmarking, 
university rankings, measure of the quality of life, etc.). 
Consequently, as stated above, a careful data analysis was 
required to select the meaningful dimensions and 
orthogonalize the residual space of representation. The goal 
of this work is to verify the “resilience” of our 
methodological approach with regards to the changes of 
actors: i.e., new student cohorts and changes in the set of 
universities that took part in the campaigns of data 
collection. In the following sections, we first describe the 
adopted procedure to collect data and the characteristics of 
the participants; afterwards, we illustrate the outcomes of the 
performed comparison between data collected during 2014-
2015 versus the ones gathered in the academic year 2015-
2016. 
II. DATA COLLECTION  AND VALIDATION 
Before to made the questionnaire available in an 
electronic form for anonymous filling through an instance of 
the online LIFE environment [17] it was pre-validated by the 
local campus research coordinators. LIFE has been chosen 
because: a) it facilitates the creation of dedicated instances of 
the same questionnaire, b) it automatically generates 
histograms and offers an integrated facility to analyze the 
frequency of words used in answering the open questions.  
The dissemination strategy used to inform students about 
the questionnaire differed from campus to campus, 
depending on the level of collaboration offered by local 
administrative services. When possible, the questionnaire 
was announced on the university website; otherwise, a group 
of students was involved to attract colleagues studying in the 
same Campus. The questionnaires were left open until no 
more significant statistical variations of the collected data 
was observed. 
In the 2014-15 trial, the total number of bachelor and 
master students was around 700 distributed as follows 
among the six involved universities: 81 from the University 
of Rome Tor Vergata, 51 from the Polytechnic of Turin and 
University Politehnica of Bucharest, 47 from the University 
of Craiova, 150 from the Politehnica University of Timisoara 
and 320 from the Aalborg University. During the 2015-2016 
academic year, more than 800 students were involved 
distributed as follow: 78 from the University of Rome Tor 
Vergata, 64 from the University of Aveiro, 280 from the 
University Politehnica of Bucharest, 60 from the University 
of Craiova, 54 from the Politehnica University of Timisoara 
and 288 from the Aalborg University. The difference in the 
number of participants among the universities is deemed not 
to have any influence on the comparative study since the 
numerical outcomes of the survey tend to stabilize within a 
variability range that does not exceed few tenths of percent 
for a number of participants equal to or greater than 40. Most 
of the students were attending scientific courses, except in 
Aalborg, Aveiro and Rome Tor Vergata universities where 
they had a more heterogeneous background. It is important 
to emphasize that the questionnaire was intended to gather 
information on general aspects, not related to the specificity 
of any course curricula or topics. Taking into consideration 
the large number of participants (more than 1500), 
distributed as described above among the sites, as well as the 
substitution of the Polytechnic of Turin with the University 
of Aveiro during the second campaign of data collection, our 
dataset can be considered a significant one that can be used 
to refine the method of extraction of the campuses’ 
smartness and identify potential problems. 
Table 2 shows a comparison among the average values of 
the indicators for the 5 campuses that participated in the two 
data collection campaigns. In general, with the exception of 
University Politehnica of Bucharest, the average variability 
of all indicators stays within the sum of the standard 
deviations of the two distributions, although some indicators 
might slightly exceed this threshold. Higher variations may 
depend on the different populations or on specific actions 
taken by a given university. The identification of the precise 
cause requires a case by case investigation of the textual 
answers and of the local conditions; it cannot be determined 
directly from numerical values. 
TABLE II.  MEAN VALUES (AND STANDARD DEVIATIONS IN BRACKETS) OF 
THE INDICATORS DERIVED FROM THE ANSWERS GIVEN BY THE STUDENTS TO 
THE QUANTITATIVE QUESTIONS OF THE QUESTIONNAIRE DURING ACADEMIC 
YEARS 2014-15 AND 2015-16 
University 
campus Indicator 2014-2015 2015-2016 Var. 
UTOV 
(average 
variation: 
0.23) 
Infrastructures 5.86 (0.23) 5.60 (0.23) -0.26 
Food services 5.94 (0.29) 6.23 (0.22) 0.22 
Environment 6.35 (0.25) 6.60 (0.20) 0,25 
Info/Admin 
services 5,91 (0,20) 5,83 (0,20) -0,08 
Mobility 6,40 (0,24) 6,61 (0,20) 0,21 
Safety 6,24 (0,26) 6,88 (0,25) 0,64 
Social interact. 5,28 (0,22) 5,72 (0,20) 0,44 
Challenges 5,38 (0,20) 6,09 (0,19) 0,71 
Satisfaction 6,85 (0,22) 6,92 (0,18) 0,07 
Self-fulfillment 6,98 (0,21) 7,06 (0,17) 0,08 
Craiova 
(average 
variation: 
-0,07) 
Infrastructures 5,98 (0,34) 5,96 (0,34) -0,02 
Food services 4,91 (0,42) 5,29 (0,41) 0,38 
Environment 5,20 (0,39) 5,80 (0,35) 0,60 
Info/Admin 
services 7,08 (0,30) 7,05 (0,28) -0,03 
Mobility 7,67 (0,31) 7,54 (0,30) -0,13 
Safety 7,62 (0,33) 6,91 (0,37) -0,71 
Social interact. 7,30 (0,33) 6,91 (0,34) -0,39 
Challenges 7,36 (0,26) 7,25 (0,30) -0,11 
Satisfaction 7,18 (0,34) 7,07 (0,30) -0,11 
Self-fulfillment 7,01 (0,30) 6,87 (0,30) -0,14 
Aalborg 
(average 
variation: 
-0,09) 
Infrastructures 7,12 (0,13) 7,30 (0,12) 0,18 
Food services 7,07 (0,12) 7,10 (0,14) 0,03 
Environment 6,50 (0,13) 6,40 (0,13) -0,10 
Info/Admin 
services 6,93 (0,12) 6,68 (0,13) -0,25 
Mobility 7,39 (0,12) 7,54 (0,12) 0,15 
Safety 8,92 (0,09) 9,00 (0,09) 0,08 
Social interact. 6,83 (0,12) 6,68 (0,14) -0,15 
Challenges 7,49 (0,10) 7,14 (0,13) -0,35 
Satisfaction 7,35 (0,11) 7,17 (0,12) -0,18 
Self-fulfillment 7,55 (0,09) 7,25 (0,11) -0,30 
Bucharest 
(average 
variation: 
0,69) 
Infrastructures 6,37 (0,27) 7,09 (0,11) 0,72 
Food services 7,47 (0,29) 7,59 (0,12) 0,12 
Environment 7,30 (0,29) 7,82 (0,12) 0,52 
Info/Admin 
services 6,75 (0,30) 7,58 (0,12) 0,83 
Mobility 7,61 (0,27) 8,25 (0,10) 0,64 
Safety 7,35 (0,26) 8,23 (0,11) 0,88 
Social interact. 7,14 (0,28) 7,71 (0,13) 0,57 
Challenges 7,06 (0,26) 8,31 (0,11) 1,25 
Satisfaction 6,65 (0,26) 7,28 (0,12) 0,63 
Self-fulfillment 6,72 (0,27) 7,50 (0,11) 0,78 
Timisoara 
(average 
variation: 
-0,27) 
Infrastructures 7,14 (0,17) 6,35 (0,38) -0,79 
Food services 5,67 (0,21) 6,02 (0,40) 0,35 
Environment 6,36 (0,19) 6,48 (0,35) 0,12 
Info/Admin 
services 7,00 (0,18) 6,60 (0,38) -0,40 
Mobility 7,82 (0,17) 7,88 (0,31) 0,06 
Safety 7,68 (0,16) 7,25 (0,38) -0,43 
Social interact. 6,98 (0,18) 7,10 (0,37) 0,12 
Challenges 6,93 (0,17) 6,48 (0,38) -0,45 
Satisfaction 6,88 (0,18) 6,2 (0,37) -0,68 
Self-fulfillment 6,87 (0,17) 6,30 (0,37) -0,57 
 In the particular case of the University Politehnica of 
Bucharest, the average value of the variation of most 
indicators exceeds the sum of the standard deviations of both 
the 2014-15 and 2015-16 distributions, often by two times. 
The local coordinator has been asked to provide a possible 
explanation for such a high variability. The suggested 
explanation considered the investment of more than 10 
million Euros made in infrastructure, mostly on a new 
building and a fully equipped research center.  
 
 
Figure 1.  Percentage of people who answered to the open questions as 
function of the order of presentation of the questions in 
academic year 2014 – 2015. 
 
Figure 2.  Percentage of people who answered to the open questions as 
function of the order of presentation of the questions in 
academic year 2015 – 2016. 
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While the explanation may account for the increase of the 
value of the Infrastructures indicator, it is not fully clear how 
it could have influenced the variation of the values of all 
other indicators (e.g. Safety or Self-fulfillment) since the 
building was not yet in use at the time of the data collection. 
Further investigations of this specific data set and, as well, 
further monitoring of the student perception with the time 
are, thus, required. 
In addition we have investigated the behaviour of the 
students who answered the questionnaire. As expected, the 
percentage of people answering open questions tended to 
decrease with the order of presentation of the question. 
Figures 1 and 2 show the percentage of answers given to 
open questions for both the academic years considered here. 
Figure 1 highlights the fact that the students’ behavior was 
quite similar for all campuses in the 2014–2015 academic 
year: a higher percentage of answers was obtained when 
students were required to explain a choice, and a lower one 
when they were asked to explain the reason of the perceived 
level of smartness on the same topic. Moreover, the 
percentage of answers increased when they were requested 
to comment on infrastructures and satisfaction. Overall, the 
“tiring effect” was more or less similar for all student 
populations.  
The general features described above are observable also 
in Figure 2 but, diversely from Figure 1, only the data 
regarding the students populations from the Univesities of 
Aveiro, Aalborg and Rome Tor Vergata show a “tiring 
effect” similar to the one of Figure 1.  The students 
belonging to two Romanian campuses, Timisoara and 
Craiova, are characterized by a lower tiring effect, about 
20% lower. In the case of the students from the University 
Politehnica of Bucharest, the percentage of answers is much 
higher than those characterizing any other student group 
included the one attending the same university during the 
previous academic year. This atypical behavior may have 
been induced by the bonus credits received as compensation 
for answering the questionnaire. It is not impossible that the 
promised reward may have also influenced the answers 
given by the students to the quantitative questions, although 
no substantial proof exists. A more in-depth text analysis of 
the answers given to the open questions is advisable to better 
understand student behavior in University Politehnica of 
Bucharest; however, such analysis is beyond the scope of 
this paper and will be left for future work. In the end, due to 
the above doubts, we have opted not to consider the data 
collected from the University Politehnica of Bucharest 
during the academic year 2015-2016.  
III. EXTRACTION OF CAMPUSES’ SMARTNESS  
The first step to extract the smartness of the campuses is 
to investigate the correlations among indicators with the aim 
to reduce them below a reasonable threshold. The first 
outcome of integrating data collected during the two 
academic years is an overall reduction of the level of 
correlation among indicators with respect to the values 
reported in previous studies. [8]. As previously observed, 
Mobility remains the indicator that displays the higher degree 
of correlation with other indicators. Safety has a reduced 
correlation with other indicators, but is still strongly 
correlated to the Infrastructure indicator. Because of this, 
Mobility and Safety have been removed without risking the 
loss of relevant information. Two pairs of indicators 
remained strongly correlated (r > .7): Environment and Food 
services; Challenges and Satisfaction. 
A Principal Component Analysis (PCA) [18, 19] was 
conducted on the subspace of the eight remaining indicators. 
It turned out the highest loading on the first two principal 
components (Y1 and Y2 from Figure 4) can be obtained by 
dropping the indicators Satisfaction and Environment. A six 
dimensional space of representation was obtained that 
contained one additional dimension in comparison to the 
space presented in previous work [8]: Social interaction. 
Other differences with respect to the previous work include: 
a) the slight prevalence of Food services on Environment, as 
far as the loadings of Y1 and Y2; b) the prevalence of 
Challenge and Self-fulfillment with respect to Satisfaction. 
Figure 3 depicts the residual correlations (.3 < r <.6) that 
require a PCA transformation in order to obtain an 
orthogonal space. 
 
Figure 3.  Residual correlations among the 6 dimensions of the reduced 
space of representation. 
 
Figure 4.  Positioning of the universities on the plane identified by the two 
principal components, Y1 and Y2. Y1 and Y2 have been derived from a 
PCA applied to the  reduced set of 6 indicators shown in Fig. 3. The red 
line, as explained in the text, represent the axis of “smartness”. 
Once the transformation was performed, we observed 
that the first two emerging principal components explained 
70% of the variance. The orientation of the bi-dimensional 
space of Y1 and Y2 is arbitrary and campuses characterized 
by higher levels of smartness (see the red line in Figure 4) 
tend to be positioned in the lower left corner of the space of 
representation. All original dimensions/indicators, in fact, 
contribute in determining the position of the campuses along 
Y1 although the contribution given by the Self-fulfillment 
indicator is significant lower than the others. As indicated 
also in Figure 4, a subset of indicators contribute to the 
positioning of campuses along Y2: the distance of Craiova 
from the red line is mainly determined by the value taken by 
the Food service indicator, while that of Timisoara is given 
by the value of the Self-fulfillment indicator. The distance of 
Tor Vergata from the red line, on the other hand, is 
determined mainly by the value taken by the Info/Admin 
services indicator. 
An interesting aspect to note is the stability of the 
position of campuses among different academic years (in the 
case of Aalborg, the position is exactly the same), indicating 
a high degree of resilience against the change of cohorts and 
participants. The displacement of Rome Tor Vergata is 
determined by the large and positive variation of the values 
taken by the Social Interaction and Challenge indicators. 
Although the direction of the displacement is the expected 
one, we cannot yet claim that it mirrors meaningful and 
durable changes in the perceived smartness of that campus. 
However it is important to highlight that the overall stability 
in the relative position of the campuses in the Y1-Y2 space 
indicates that any substantial changes in the perceived 
“smartness” may requires many years to occur and to be 
detected. It should be driven by adequate and longstanding 
policies, although decision like the one taken by University 
Politehnica of Bucharest might strongly affect the students’ 
perception (an abrupt change that needs further 
investigations and additional campaigns of data collection to 
verify its persistence). 
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